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Xl-B, Inf ) nonce of Smo k ing on Alvoolnr Air and Plood Novels 
of Car box vhemci? job in 

Jongbloed (1939) analyzed the carbon-monoxide content 1 in alveolar 
air. A trace of carbon monoxide (about 0. 0004 % or 4 ppm) was detectable 
in the alveolar air of nonsmokers. In one smoker the content was 10 ppm 
in the morning before smoking. Then the subject was given 4 cigarettes, 
each one taking 12 min to smoke with an intervening 12-minute rest period. 
The results; were as follows : 


before 1st cigarette 

14.0 

ppm 

after " " 

17. 9 

M 

before 2nd 11 

19. 4 

II 

after 11 " 

23. 2 


after 3rd " 

27.1 

II 

after 4th 11 

31.5 

II 

32 min after 4th' cigarette 

29.0 

II 

52 min " " 

26. 6 

II 

72 min '■ 11 " 

23.7 

II 


There was a; progrcssive increase in the level of carbon monoxide in the 
alveolar air up to the end of smoking the 4th cigarette. Then a fall 
occurred in the concentration of carbon monoxide in the alveolar air. 

Other investigators have confirmed the observation of Jongbloed. 
Ringold ct al l (1962)i analyzed the expired air after a 20-sccond breath^liolding 
period. The mean ± SD levels of carbon monoxide were as follows: 


Nonsmokers (9.3 subject's): 

II e av y s rn ok e r s (41s ubj c cts) 
Tight smokers (25 subjects)! 
Pipe or cigar (9 subjects) 


0.8 ± 4-7 ppm 
16.4 ±.12:6 " 
7.7 ±10. 9 M 
3. 8 ± 4. 9 11 


Cohen ct al . (1971) reported similar observations and correlated expired: air 
level's of carbon monoxide with blood levels of carboxyhcunoglobin. 

The results of investigations relating to blood car boxyhemogl'obin 
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levels arc summarized in Table XI-B.The essential features of the .table are: 

1. The 11 investigations consisting of measurements of carboxyhemoglo- 
bin in blood, resulted! in a mean peak level of 5. 26% in 2 9 poofed subjects. The 
net effect' of smoking which was calculated in 15 subjects was an increase of 3. 81% 
of carboxyhemoglbbin., 

2. There are isolated values as high as 12, 3% (jTurach et al , 1941), H0% 

(Ruhl and Lin, 1936) and 6. 5%; (Whitehead and Worthington, 1961), However, since 
the control value prior to smoking was not measured, it was not possible to cal¬ 
culate the nci effect of smoking. 

3. None of the investigations summarized! in Table XI-B determined the duration 
of the rise in carboxyh emoglobih.. Gn the basis of work concerning experimental 
inhalation of carbon monoxidic mixture, the duration depends on the concentration 

of inspired 1 air. There Is probably, a slow fall in ca rboxyhemoglobin until the next 
cigarette is smoked. 

After cessation of smoking, a reduction occurs in blood levels of ca rboxy¬ 
hemoglobin (Belli and Guiliani, 1955; Ramsey, 1972; Rosenberg, 1968, 1971, 1972)' 
The rate of fall in concentration was accelerated by exercise or muscular effort 
("Castcllino^ 1955; GrosetH el al, 1 966;; Shields, 1 97 1 )i 

Animals have Been exposed to cigarette smoko for the investigation of its 
effect. T^e blood level of carboxy.hcmoglobin Is. elevated in mice (Leuchlcnbcrgor 
et al , 1 965 h hamsters (Donlcnwill cl al l, 1966, 1 967) and rats (Driscoll ct al , H972)i 
In the last-mentioned species, the bloodi level of carboxyhiemoglobin was influenced ' 
by the nature of cigarette used. With unfiltcrcd smoke, the rat held its breath, 
whereas filtered smoke was inhaled with-continuation'of thoracic respiration, 

(Tabic XI-B appears on the next page. ) 
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Table XI-B. Acute effects of cigarette smoking orj ca rboxyhemoglbbin levels, * 


Reference 

Number of Cigarettes 

No of 
Subjects 

Peak i'ho\*v,hfmorlol)in blood 

Mean (Range) i A 

jC^ison andiJiastings 

10-15 

6 

4.3 (3* 1-6. 7 ) 

(1933) 



Rulil and Lin (1 936) 

1-2 

• 5 

.,(3.2-10)1 ..." I 

Schmidt (1939i 19-10} 

1 

1 

+ 1. 1 


5 

2 

+1.6: +4 i 

Hsi-Puand LiMing 

1-5 

43 

(<5 in 80% of subjects) 

• (1910): 



l 

Barach, Eckman and 
Molomut (1 911 ) 

20 

18 

•5.7 (2. 2-12. 3) 

MacFarland; Roughton, 

1 

1 

+2.0 

Halperin and Niven 

3 

1 

+4.0 

(1914) 



• . 

Fabre, Truhaut and 

24 

5 

4.85 +2.7 

Berrod (1951 F 



* 

Parmeggiani and 

2 

‘ i * 

+ 3 

Cilardi (1952) 




(^)smilh, Terzaghi 

12 * 

1 

+11.9 

and Hackney (1 963) 




Bov/den and Woodhall * 
(1964) 

2 

2 

i 

+ 1.5 

Hamill and O’Neill 
(1969) 

20 (cigars) 

1 

.+ 13 

Mean (overall for number of subjects) 

5. 26 

(29 subjects) 

+ 38 

(15 subjects) 

^Somc of the values were reported in volumes % 

and are expressed 

in this table as saturation % assuming 

normal hemoglobin values. 






h* 

< 



. ‘ © , 



% m 

© 

. 



CA 

© . 

CA 

e 



•• ■ O 

CA 

h* 

© 


\ 


Source: https://www,industrydocuments.ucsf.edu/docs/xslk0000 


►, >£l * ' * 

Carbon Monoxide- - 1 3 


Page 298 


e 


BIBLIOGRAPHY 

XI. CIRCULATORY EFFECTS OF CARBON! MONOXIDE 
A. Carboxyhcmoglobin. Blood Levels 


ARTURSON G, GARDY L, ROBERT M and Z AAR 13 : Gljnngo?, in carbon monoxide content of 
whole blood during gas equilibration in the radiometer dissociation curve ajvalyzer 
(DGA-1). Upsala J MiedlSci 77: 22-4, 1972. 


AYERS S M, GIANXELLl S and ARMSTRONG R.G : Carboxyllemoglbbin: Hemodynamic and 
respiratory responses; tb small conccntla Lions. Science 1.49: 193-4, 1965. 

' BALBO \Y t MARUGCI V and:RONGUI G U : Lcs valburs do l'oxycarbonemic on differentes 
conditions individue lies cldc milieu rechcrchcs prclimina ires. (Values of blood car¬ 
bon; monoxide under various individual and environmental! conditions. Preliminary 
studies):. Acta Med Leg 5oc Liege 19:1S7-9i 1966. 

BARTITE R, PARIS J, DUCHEUIN M and THOMAS F ; Valeur ct interpretation.' dcs taux d* 
oxycarbonemic obtenus par la methode Niclbnx-Endiometric. Deuxieme note. - Oxy- 
carboncmic et intoxications exogenes: L oxycarbonemic dcs fumeurs et dcs ethyliques. 
Arch Mali Proles P?.r is 14:: 233 -90, 1953. 

BHOY7N A S, MAITRYA B B and ! HAQ I U ; Blood ; carboxyhemoglobin level in Bcedi smokers. 
Ind J Med Res 5.7* 1313-5, I 969 . 


'O 


BREY7ER G J, EATON J W, VEIL J V and GROVER: R F : Studies of red cell clycolysis and 
- interactions with carbon monoxide, smoking, and altitude. Adv Exp Med 1 Biol 6: 95-114, 
1970. . . 


gv"' . BREWER G J, EATON J W, GROVER R F and Y/EIL J V : Cigarette smoking as a cause of 
hypoxemia in man a t altitude. Chest 59: 30S-1S, 1971. 

CURPHEY T J, HOOD L P and PERKINS N M : Carbcxvhemoglobin in relation to air pollution 
■ and smoking. Arch Envi ron Hcal dv 10i 179-SB, 1965k . 

■ s . 

DAH LSTROM II,NORDSTROM-OHRBERG G and ROTHSCHILD A : The influence of tobacco 

smoking and; increased initial carbon monoxide concentration on results of 1 Sjosbrand?s 
method of total hemoglobin determination. Acta Physiol Scand 42: 174-84, 1958. 

CAENSLER E A, C A DIG AN J B, ELLICQTT M F, JONES R Hand MARKS A : A new method 

for rapid precise determination of carbon monoxide in blood. J Lab Clin Med 49: 945-57, 
1957. 

GETTLER A O and MATTICE M R ; The “normal" carbon monoxide content of the blood. 

JAMA 109! 92-7* 1933. 

GOLDSMITH J R, SCHUETTE F and NOVICK L : Appraisal of carbon monoxide exposure fi om 
analysis of expired air. Ex Med Int Cong Se r 62: 943-52, 1963. 

HANSEN O,, V/ILKE II, MALORNY G and GOTHERT M>: Absorption and. rolease of carbon ino- 
.noxide during breathing of low CO concentrations by smokers and nonsmokers. Chem 
Ahstr 77/6: 43-6, 1972. 

HARTRIDE, HI::: CO in tobacco smoke. J Physiol London 53: lxxxiii-lxxxiiR 1919-1920; 

HOFUEUTER D *H , CATC OUT E J and XT N TARAS C : Car boxylic moidobiu in men exposed! lb 
carbon monoxide. Archi Eitviron Health!» 4: 81-5, 1962. 


987 | 

988 

989 

990 

991 

992 

993 

994 


995 

996 

997 

998 

999 

1000 

100 I 




Source: https://www.industrydocuments.ucsf.edu/docs/xslkOOOO 


1005050511 



Page 2 99 

. McILVAINE P M ( , NELSON W C and BARTLETT D,;; Temporal variation of carboxyhemogl'i jin 
concentrations* Arch Environ' Heal Hr 19: 8 -91, 1969. 


MEIGS J \Y : Carbon monoxide poisonings Bull' US Army S: 542-6, 19*18. 

(r) MOTLEY II L : Environmental air pollution effect on pulmonary lunation- Ae.ros.p-Med 
.% 42: 1108 - 10 , 1971 . 

PARMEGGIANL L and GILARDI F : Rilievi sulla ossiearboncmia' fisiolbgica. Ivied Lav 43: 

179-S3, 1952. 


1002 

1003 

10Q4 

1005 


ROUGH Y, RIOUFOL F and LOUR DON P : Oxycar boncmic spontancc ctapres exposition pen¬ 
dant quolqr.es minutes a unc atmosphere a un pour mi.Hu d’oxydc dc carbonc chcz 43 su- 
jets. (Carbon monoxide content in blood: nor mall and after a few minute exposure to an> 
atmosphere containing 0, Ip. JOO carbon' monoxide/i3 subjects). Arch Mai Prof es 
Paris 32; 27 1-JU, 1971. . lu ’ 

RUEL M II and 23ARTHE M R : Exaincn systemalique dc 132 ouvriers d'usincs a gaz avec do¬ 
sage du CO'sanguine Arch MalPtofcs Paris 15: 234-5, 1954v 

RUHL A and LIN P : Zur frage der Kolilcnoxynintoxikation bci starken Rauchern. Dcutsch 
Med V/schr 62: 493-7, 1936. • / —— 

L 

SCHMIDT O : Dor gasanalytische nachv/eis von Kohlcnoxyd im Blut, inbesonderc bei Rau- 
ehern. [ KUnWschr IS: 93S, 1939* 

SCHMIDT O : Der Kohlcnoxydgchalt dcs Elutes bei Raucliern. (iThc CO content of the blood 
of smokers);, Reichs - Gesundhbl 15: 53-8, 1940. 

C SCHRENK H H : Results of laboratory tests. Determination of concentration of carbon mo- 
^ noxidc in blood. US Pub Health Bull 2?S: 36-49, 1942. 

*'* ' SIEVERS R F, EDWARDS T I MURRA Y A L andi SCHRENK H H : Effect of exposure to known 
concentrations of carbon'monoxide.' JAMA 118: 585-8; 1942. 

TRINDER P and HARPER F E : A colorimetric method for the determination of carboxyliacmo- 
globih over a widfe range of concentrations. J Clin Path : 15: 82-4, 1962. 

# YAL1C F and D.URIC D 1 : Concentration of carbon monoxide in the blood of smokers and non- 
smokers. Arh Hig Rada (Jugoslav) 5: 49-56/ 1'954. 

WEISS E B, S LAWS ICY P and DESFORGES J F : Oxyhemoglobin affinity in chronic pulmonary 
granulomatosis (sarcoidbsis) and fibrosis. Am Rev Res JDis 1104:694-702, 1971. 

WENNESLAND R: Erfaringer fra kulloUsyd-gcngass-undersokclscr hos norske sjafforcr og 
arbciderc. (Experiences from ca rbon monoxide -producer ga s- investigations on 
• Norwegian auto-drivers and'workers). Svenska LaHorlidcn 412;- 397-408, 1945* 

YACOUB'M, FAUR'E J, MALLIOMJM and CAU J 1 : Peut-oni determiner 1 'originc tabagique 
de 1 'oxycarboni'sinc chroniquc? (Is it possible to demonstrate chronic carbon monoxide 
intoxication specifically caused by smoking? ). Med Leg Donim Corpor ( Paris) 3: 262-5, 
1970. 


1006 

1007 I 

1008 

1009 

1010 

1011 

1012 

1013 

1014 

1015 

1016 

1017 


c 


’ Source: https://www.industrydocuments.ucsf.edu/docs/xslk0000 


1005050512 



Carbon Monoxide - 15 


Page 300 





XI-C. Coronary Circulation and Myocardium 

In recent years there has been an increasing number of publications 

associating coronary heart disease with the carbon monoxide contained in 

cigarette smoke (Jaffe, 1 968; Dinman^ 1969; Robin et ah_ , 1969; Goldsmith, 

1970 1 ; Szollosi et ah , 1970; Tibblin, 1971; Schievelbein and Eberhardt,, 1972; 

Maryland and Bersay, 1972)* The evidence for stating that the carbon monoxide 

• content of cigarette smoke causes coronary heart disease is indirect. A review 

of the investigations concerned reveals that the levels of carboxyhemoglobin in 

unlikely to 

the blood of habitual smokers are / cause coronary heart disease. 

■ *. 

s 1« Coronary circulation . The effect of exposure to lower concen¬ 
trations of carbon monoxide in high-pollution areas of Los‘Angeles has been 
examined by Cohen et al. (1969). The case fatality rates for patients ad¬ 
mitted with myocardial infarction to 35 hospitals during 1958 were examined. 
The results indicate that there was an increase in fatility rate in high-pollution 
areas and that this difference was evident during periods of relatively increased 
carbon monoxide pollution. However, it was not possible to prove cause and 
effect relationship between carbon monoxide and high fatality rate, since there 
are other pollutants involved. In the same city, Haywood et al. (1972): examined 
34 patients with acute myocardial infarction and 35 control patients with 
diverse diseases. Carboxyhemoglobin levels averaged 5. 14% for the infarct 
patients and 4. 8% for the controls; there was no clear-cut relationship 
between carbon monoxide and acute infarction. For patients with angina 
pectoris, exposure to the heavy morning freeway traffic in Los Angeles 
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caused a decrease in exercise performance that initiated the onset of angina 
(Aronow, et al. , 1972 ). The mean blood levels of ca rboxyhemoglobin'In % were 

1. 12 ± 1. 2 0 before, 5. 08 ± 1. 1 9' immediately after leaving the fireeway, andi 

2. 91 ± 0. 93 two hours later. Any one of the pollutants other than carbon monoxide 
may be responsible for quicker development of angina after liess cardiac work. 

Ten patients with angina pectoris were examined by Aronow and Rokaw (1971) 

and Aronow et al. (19.71 ) following the smoking of low-nicotine cigarettes. 

After each' subject had smoked 8 cigarettes, at the rate of one every 30 min, 
the carboxyhemoglobin level in the blood rose from 1. 58 to 7.7 9%. This was 
accompanied by a decrease in 1 exercise tolerance. The only direct proof would 
be to repeat similar observations on patients inhaling carbon monoxide mixture. 

De Bias et al . (1 972 ) expos ed dogs with myocardial infarction to 100 ppm'carbon 
monoxide for 14 weeks. The elevation of the blood carboxyhemoglobin level 
to 14 % did not influence the electrocardiogram nor the serum enzymes that 
would be expected to accompany increasing' severity of hypoxia. Carbon monox¬ 
ide alone, producing up to 14% saturation of carboxyhemoglobin, does not 
appear to exaggerate myocardial infarction in dogs. Exposure of rabbits for up> 
to 14 months, resulting in a blood level of 1 5 to 40% carboxyhemoglobin, 
causes myocardial'damage (Andersson, 1972). 

The effects of inhalation of 0. 1 or 5 % carbon monoxide, sufficient to 
raise the carboxyhemoglobin level to between' 5 and 25 % in dogs andiliumans, were 
reported By Ayres ct al. (196'9. |; 1970'. There was an increase in coronary 
blood' flbw, and alteration of lUctate and 1 pyruvate metabolism. Most of these 
changes would be accounted for by, hypoxemia, although a direct effect of 
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carbon monoxide on the coronary vessels has not been excluded. One of 
the five subjects that inhaled 0. 14% carbon, monoxide developed'evidence of 
mild left-ventricular dysfunction (Ayres et' a I .. 1965). 

2. Cardiac out out. Exposure to carbon monoxidte resulting in carboxy- 
hemoglobin levels of 10 % saturation does not 1 influence cardiac output in sub¬ 
jects afte r a few hours (Brody and Coburn, 1969, 1 97 0); or after 8 days (Klauscn et all. 
1963). With levels exceeding H5 % saturation, there is either an increase or a 
decrease in cardiac output (Diamant-Berger et al. , 197 0; Katzschmann, 197 0). 

The response of the heart to muscular exercise has been assessed 
during exposure to carbon monoxide. Guillern et al . (19:07) exposed 12 subjects 
to a concentration of 50 to 100 ppm and noted: an increase of cardiac acceleration 
during effort. Chevalier et al, (1963) previously reported a lower heart rate for 
exercising subject's exposed to carbon monoxide, but the concentration was not 
stated. Pirnay et al. (1971a and b). reported cardiac acceleration due to muscular 
exercise during exposure, with carboxyhemoglobin. saturation of 15 %* but no 
comparison, was made with exercising subjects not submitting to carbon monoxide 
inhalation. Vogel and Gleser (1972) and Vogel et ah (1972) investigated blood' 
levels as high as, 20 % saturation and failed to show a difference in cardiac out¬ 
put response, although there was an exaggerated> tachyca rdia during exercise as 
compared with subjects not experiencing hypoxia. The pumping capacity of 
the heart is not influenced! by ca rboxyhemoglobih. blood levels of up. to 20 %. 

Krumholz et al ., (1964, 1965) reported a greater oxygen debt in smokers during 
exercise than nonsmokers, but there are no measurements of carboxyhemoglobin 
to explain the difference: The changes in heart function associated with cigarette 
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smoking discussed by Roskamm (1964) and Anderson (1971 ) related to con¬ 
stituents of cigarette smoke other than carbon monoxide. 

3. Myocardial effects in animals. The rat has been the laboratory ani¬ 
mal most extensively used to investigate myocardial effects of carbon monoxide. 
Asmussen and Paulsen (1 953) exposed immature rats for 60 days to an atmos¬ 
phere containing carbon monoxide. The blood levels were kept at 50 to 60% 
carboxyhemoglobin. Compared with control rats, the carbon-monoxide-treated 
rats were inferior in their ability to swim till exhausted and to withstand low 
oxygen tension. The carbon-monoxide-treated rats showed cardiac hypertrophy 
and a slight but significant increase in the relative number of coronary capillaries. 
Suzuki (1969) administered 1 % carbon monoxide for 10 min to mature rats and 
the animals were sacrficed from 10 min to 24 hours after cessation of in¬ 
halation. The electron microscope examination of the heart revealed intra¬ 
cellular edema, swelling of mitochondria and sacroplasmic reticular, dis¬ 
ruption and reduction of cristae, disappearance of mitochondria, appearance 
of Hpofuscin pigment granules and lysosomes'and increase of glycogen granules 
and fat droplets. The author concluded that the effects of carbon monoxide 
on the heart result not only from hypoxemia but also from the direct toxic 
effects on the specific respiratory enzymes. Holczabek (1971) arrived 
at a similar conclusion following exposure of rats to 3 % carbon monoxide. 

Slater (1950) demonostrated inhibition of dihydrocozymase oxidase of heart 
muscle exposed to carbon monoxide in vitro ; 

The direct effects of carbon monoxide on the monkey heart have not 
been investigated. Since there is a species difference relating to pulmonary 


Source: https://www.industrydocuments.ucsf.edu/docs/xslk0000 


1005050516 



Carbon Monoxide - 19 


Page 304 



effects, it is reasonable to suspect that this may also apply tO'the heart. 

The rabbit heart shows cardiac necrosis, which could be interpreted to be the 
result of hypoxemia rather than the direct effect of carbon monoxide (Veith, 
1940). 


O 



Source: https://www.industrydocuments.ucsf.edu/docs/xslkOOOO 


1005050517 




C'aroon Monoxiae - l\j 


i - a.ytr ju 



BIBLIOGRAPHY 

XI. CIRCULATORY EFFECTS OF CARBON MONOXIDE 
C. Coronary Circulation and Myocardium 


ANDERSSON A: A study of cardio-vascular alterations in animals exposed to 
carbon monoxide during a long time. Opusculfe Med 17: 203-209, 

1972. 

ANDERSON W H: Acute exposure tocigarette smoke as a cause of hypoxia. 

Chest 59: 33-34, 197,1. 

ARONOW W S, DEN DINGER J and ROKAW, S N: Heart rate and carbon monoxide 
level after smoking high-, low- and non-nicotine cigarettes. A study in 
male patients with angina pectoris. Ann Intern Med 74 : : 697-702, 1971. 

ARONOW, W S, HARRIS C N, ISBELL M W, ROKAW S N and IMPARATO B: 
Effect of freeway travel on angina pectoris. Ann Intern Med 77: 

669-776, 1972. 

ARONOW W, S and ROKAW S N: Carboxyhemoglobin caused by smoking non¬ 
nicotine cigarettes. Effects in angina pectoris. Circulation 44: 

782-788, 1971. 

ASMUSSEN E and PAULSEN; N V: Cardiac hypertrophy in CO-treated young rats 
and their ability to withstand stress. Acta Physiol Scand 29: 307,, 13, 
1953. 

AYRES S M,, GIANNELLI 5 Jir and ARMSTRONG R G: Carboxyhemoglobin 
hemodynamic and' respiratory responses to small concentrations. 

Science 149; 193-194, 1965. 

AYRES S Mi, GIANELLI S Jr and; MUELLER H: Myocardial and systemic 
responses to carboxyhemoglobin. Ann N Y Acad Sci 174: 263-293], 

1970. 

AYRES S M, MUELLER H S, GREGORY J J, GIANNELLI S and PENNY J'L: 
Systemic and myocardial hemodynamic responses to relatively small 
concentrations of carboxyhemoglobin (COHB), Arch Environ Health 

18: 699-709, 1969.: 

BRODY J S and COBURN R F: Carbon monoxide-induced arterial hypoxemia. 
Science 164!: 1297-1298, 1969. 

BRODY J S and COBURN R F: Effects of elevated carboxyhemoglobin on gas 
exchange in the lung. Ann N Y Acad Sci 174: 255-260, 197i0. 

CHEVALIER R B, KRUMHOLZ R A and ROSS J C: Effect of carbon monoxide 
inhalation on the cardiopulmonary responses of nonsmokers to exercise. 

J Lab Clin Med 62: 867„ 1963. 

COHEN S I, DEANE M and GOLDSMITH J R: Carbon monoxide and survival 

from myocardial infarction. Arch Environ Health 19: 510 U 517, 1969. 

DcBlAS DA, BIRKHEAD N C, BANERJEE C M, KAZAL LA, HOLBURN R R, 
GREENE C Hi, HARPER W V, ROSENFELD 1 L M, .MENDUKE H, 
WILLIAMS N and FRIEDMAN M II F: The effects ol chronic exposure 
to carbon monoxide on the cardiovascular and hematologic systems in 
dogs with experimental myocardial infarction. Int : Arch Arbotsmed 
29; 253-267, 1972. ___________ 


o 



Source: https://www.industrydocuments.ucsf.edu/docs/xslk0000 


Reprin: 

1046 

1047 

1048 

1049 

1050' 

105 1 

1052 

1053 

1054 

1055 

1056 

1057 

1058 

1059 


1005050518 



>' Carbon Monoxide - 21 


Page 306 



o 


o 


DIAMANT-BERGER F, GAJDOS P, RAPIN M and GOULCN M: Aspects 
hemodynamique s de 1 'intoxication oxycarboncc aigue massive 
hamainc. (Hemodynamic aspects of acute massive carbon monoxide 
poisoning in. humans). Eur J Toxicol 3: 211-226, : 1970. 

DINMAN B D: Discussion. Toxicological appraisal of carbon monoxide. 

J Air PollUt Contr Assoc 19: 727-729, 1969. 

GOLDSMITH J R: Carbon monoxide research -- recent and remote. 

Arch Environ Health 21: 118-120, 1970. 

GU1LLERM R, BADRE R and GAUTIER H: Effects du sejoar dans une 

atmosphere a faible concentration d'oxydc dc carbone sur les reactions 
circulatoires et respiratbires a 1‘effort musculaire et sur l'acuite visuelle 
nocturne. Biometeorology Tromp Pcrgamon Press , Londbn 2: 

306-313, 1967. 

HAYWOOD LF, WALBERG C B, KERR F, MOHS EXIN M and MOHLER J: 

Carbon monoxide levels in acute myocardial infarction. J Na Med Assoc 
64: 114-146, 1972. 

HOLCZABEK Y7; Uber die zyanochrome myolinige Entmischung des Herzfleisches 
nach Tod an Kohlenoxydver gittung und nach Tod an Hypoxamic. 

(Cyanochrome myelin disintegration of the myocardium after death from 
carbon monoxide poisoning and death from hypoxemia). Zentralbl All Pathol 
114: 83-89, 1971*. 

JAFFE N: Role of carbon monoxide in coronary disorders, N Engl J Med 

279: HI, 1968. 

KATZGHMANN R: Das Herz-Kreislauf-System bei Schwererbeitenden 

(Physiolbgic-Pathologic-Prophylaxe), (Cardiovascular system in workers. 
Physiology-Pathology-Prevention). Z Gesamtc Inn Med 25: 7,38-746, 

1970. 

KLAUSEN K, RASMUSSEN B* GJELLEROD-H, MADSEN H and PETERSEN E: 
Circulation, metabolism andi ventilation during prolonged exposure to 
carbon monoxide and to high altitude. Scand J Clin Lab Invest 22 
(Suppl 103): 26-38, 1968. 

KRUMHOLZ R A,. CHEVALIER R B and 1 ROSS J C: Cardiopulmonary function 
in young smokers., A comparisoni of pulmonary, function measurements 
and some cardiopulmonary responses toecercise between a group of 
young smokers and a comparable group of nonsmokers. Ann intern Med 
60: 603-610:, 1964. 

KRUMHOLZ R A, CHEVALIER R B and ROSS J C: Changes in cardiopulmonary 
functions related to abstinence from smokings Studies in young cigarette 
smokers at rest and exercise at 3 and 6 weeks of abstinence. Ann Intern Med 
62: 197-207, 1965. 

MARYLAND P and BERSAY G: Dc l'ihtcrot d'etre coronarien. (The advantage 
of being a coronary patient). Nouv Prcsse Med 1: 1097,- 1098* 1972. 



Source: https://www.industrydocuments.ucsf.edu/docs/xslk0000 


Reprint 

1060 

1061 

1062 

1063 

1064 

1065 

1066 

1067 

1068 

1069 

1070i 

1071 


1005050519 



Page 307 


*» 

Carbon Monoxide - 11 


Rcprir. 



o 


PIRNAY F f DEROANNE R ( DUJARDIN J and PETIT J M: Exercise musculaire 
maximum' sous intoxication oxycarbonec. (Maximal muscular exertion 
under carbon monoxide poisoning). J Physiol Paris 63: 87-88, 1971. 1072 


PIRNAY F, DUJARDDI J, DEROANNE R and PETIT.J M: Muscular exercise 
during intoxication'by carbon: monoxide. J AppI Physiol 31: 573-575, 

1971. 1073' 

ROBIN E, RAVENS K G and BING RJ: Die WirUung von Alkoholi, Nikotin und 
Zigarettenrauchcn auf das Herz. (The effect of alcohol, nicotine and 
cigarette smoking on the heart). Dtsch Med J 20: 19-29, 1969. 1074 


ROSKRAMM K: Vermindfcrt das Rauchen die sportliche Leistungefahigkeit? 

(Does smoking lessen the capacity for athletic activity?). Med Klin 

59: 591. 1964. ‘ 1075 

SCHIEVELBEIN H and EBERKARDT R:: Cardiovascular actions of nicotine and 

smoking. J: Natl Cancer Inst 48i 1785-1794, 1972. 1076 


SLATER E G: The succinic oxidase and 1 dihydrocozymase oxidase systems in 

heart muscle and 1 kidney preparations. Nature 165: 674-675, 1950. 1077 


•v SUZUKI T: Effects of carbon monoxide inhalation'on the fine structure of the 

rat heart muscle. Tohoku J: Exp Med 97: 197-211, 1969. 1078 


i< it 

SZOLLOSI E, MEDVE F and JENEY E: Angaben zur Wirkung des niedrigen 
Koldcnmonoxyd-Gchaltes in oer Luft auf den Menschen. (Data on the 
effect of a low carbon monoxide content in the air on man). Z Arbeitsmed 
20: 263-268, 1970i 1079 

TIBBLIN G: Hjartinfarkt och rokning, (Harmful clinical effects of smoking. 

Myocardial infarct and smoking). Soc Med Tid 2: 65-67, 1971'. 1080 


VEITH G: Experimentelle Untersuchungen zur Wirkung von Adrenalin auf den 
Herzmuskel. (Experimental investigations on the effect of epinephrine 
on cardiac muscle). Arch Kreislauffor sch 6: 335-360, 1940. 1081 


VOGEL J A and GLE5ER MiA: Effect of: carbon monoxide on oxygen transport 

during exercise. JiAppl Physiol 32: 234-239, 1972. 1082 


VOGEL Ji A, GLESER M A, WHEELER R C and WHITTEN B K: Carbon 
monoxide and physical work capacity. Arch Environ Health 24 ! : 

198-203, 1972. 1083 


c 




Source: https://www.industrydocuments.ucsf.edu/docs/xslk0000 



1005050520 


Carbon Monoxide - 23 


Page 308; 



Xl-D. Experimental; Alherosclerosis 


o 


V 


Cigarette smoking causes vasoconstriction of most vascular beds. 

These effects are brought about by nicotine contained in the smoke. The 
carbon monoxide absorbed during smoking does not: contribute to vascular 
effects. In animals,, the pattern of action of carbon monoxide is vasodilatation 
with elevation of body temperature (Binet and Burstein, 194.8; Coret and Hughes, 
I964f Nielsen, 1971). In man vasoconstriction of the Hand reflexly induced by 
cold is reduced by levels of 1 9 and 1 25 % carboxyHemoglobin (Ileistad and 
Wheeler, 197,2). 

The influence of carbon monoxide on capillary permeability has been' 
investigated in humans and animals. In man; exposure to carbon monoxide 
for 8 days caused an increase in the permeability, of the capillaries to 
albumin (Siggaard-Andtersen et al. , 1969); The increase in permeability 
could not be demonstrated; in the calf muscle {Petersen et al. , 1968). In 
rabbits, guinea pigs and rats there is an increase in permeability inthe peri¬ 
toneal cavity (Gothert ct al ., Ii970) and subcutaneous tissue (Van Liew, 1968 a 
and b, 1 97 0 )i 

Although no specific case of arterial disease caused by carbon monoxide 
associated with cigarette smoking has been'reported, there have been repeated 
suggestions of cause and effect relationship; The facts are as follows: 

1l In patients with thromboangiitis obliterans or Buerger's disease, 
Astrup: (1 964 )'pointed out ai connection between smoking and increased affinity 
of hemoglobin. Astrup (1966 a and b):and Astrup et al . (I 966)' showed the 
increase in affinity for oxygen to be associated with carbon monoxide present 
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in tobacco smoke, since higher carboKyhemoglobin level's were observed in 
smokers with thromboangiitis obliterans than in. healthy smokers. Mulhausen 
et al. (1967) confirmed this observation in another group of patient's* Kjield!sen> 
and Mozes (1969) and Kjeldsen (1969) noted in a third group of patients that the 
carboxyhcmoglobin saturations and cholesterol level's are higher in controls. 
Birnstingl et al. (1966) demonstrated that patients with thromboangiitis obliterans 
did'not show a greater alteration in oxygen affinity produced by smoking than did' 
compared with normal 1 smokers. The possibility that ca rboxyhemoglobin in¬ 
creases blood viscosity and therefore reduces the velocity of blood circulation 
and hastens the tendency to thrombus formation, has been excluded by measure¬ 
ments performed by Solvsteen and Kristjansen (196 8)* 

2. That exposure to> carbon monoxide could lead to atherosclerosis 
was proposed by Hueper (19441 as part of his anoxemia theory. Astrup and 
his collaborators have attempted to find experimental support for this theory 
in cholesteroll-fed rabbits - see reviews by Astrup (1967, 1969, : 1970, 1972) 
and by Astrup and Kjeld'sen> (1 97Q)[ The exposure to carbon monoxid'e enhanced 
the development of atheromatosis (Astrup et al . ,1968^ 1 97 0 a and b), T he develop¬ 
ment of the lesions was enhanced by hypoxia and reversed by hyperoxia( Kjeldseni 
et all, 1968, 1969). The appearance of lesions was accompanied by elevation of 
serum lipid level's (Truhaut et al . , 1'968; Astrup et ; al. , 1970 Kjeldsen, 1970a), 
change in'lactate dehydrogenase isoenzymes of the aortic arch (I lellung - La rs en 
et al. , 1968), increased endothelia permeability (.Wanstrup et al . , 1969), and 
ultra structural intimal changes (Kjelds en ct all . 1972)i In human subjects 
exposed to carbon> monoxide, an increase in capillary, filtration ra*e (Siggaard- 
Anderscn et ah , 1967) and el'evation of serum lipid levels (Kjeldsen, 1 970b) 



Source: https://www.industrydocuments.ucsf.edu/docs/xslk0000 


1005050523 



Carbon Monoxide -25 


Page 310 




have been demonstrated. It has been suggested that carbon monoxide in¬ 
hibits synthesis of cholesterol, leading to accumulation of lanosterol (Gibbons 
and Mitropoulus, 1972). Another effect of carbon monoxide is an increase in 
mitochondrial enzymic activity, which stimulates lipid synthesis within the 
artery (Whereat, 1970). Webster et a I. (1968) aggravated atherosclerosis 
by carbon monoxide exposure in monkeys fed with cholesterol containing 
diet. It has not been possible to develop atherosclerosis in animals exposed 
to carbon monoxide without supplemental cholesterol feeding. 

3. Examination of individuals who have been exposed to an environ¬ 
ment of up to JL, 000 ppm carbon monoxide with carboxyhemoglobin levels 
of blood between 2 and 26% for an average duration of 10. 5 years did not re¬ 
veal any early development of arteriosclerosis (Prerovska and Drdkova, 1967 a 
and b; 1971). The average values of serum lipid levels did not exceed the 
normal range. The results of experiments on rabbits do not apply to epi¬ 
demiologic surveys in humans. 
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